Abstract
INTRODUCTION
Anastomotic leakage is one of the major complications that occurs after anterior resection of the rectum for rectal cancer with a low extraperitoneal colorectal anastomosis [1, 2] . With the development of surgery, a defunctioning stoma, colostomy or ileostomy has become a mainstay of proximal fecal diversion to protect against primary colorectal anastomosis, and to reduce the risk and lessen the severity of the sequelae of anastomotic leakage, such as fecal peritonitis and sepsis. However, established conventional defunctioning stomas, including loop colostomy and loop ileostomy, require a second surgical reversal [3] , which may cause morbidity and even mortality. Percutaneous tube ileostomy, which is achieved by inserting a tube into the distal ileum through the abdominal wall, has been reported as an alternative that can achieve similar temporary fecal diversion, ensuring greater comfort for the patient and easier management, as well as avoiding the additional surgical procedure required for the closure of a conventional loop-ostomy [4] . Percutaneous tube ileostomy for anastomotic protection is clinically performed by laparotomy or laparoscopy. Natural orifice transluminal endoscopic surgery (NOTES) [5] [6] [7] [8] may be an alternative for the execution of the tube ileostomy procedure, as this method is less invasive and is associated with less postoperative pain compared with the two former methods. To date, there is no literature regarding NOTES tube ileostomy. The aim of our study was to demonstrate the feasibility and reproducibility of a novel technique of percutaneous transgastric endoscopic tube ileostomy using an Introducer Kit in a porcine survival model.
MATERIALS AND METHODS

Animal model
Our study was performed on six healthy female domestic pigs weighing between 15 and 20 kg, of which three were enrolled in a non-survival group and three in a 1-wk survival group. All animals were fasted for 24 h prior to surgery. Induction of anesthesia was achieved by intramuscular injection of 100 mg ketamine, 10 mg droperidol and 1 mg atropine, and maintenance of anesthesia was achieved by an intravenous drip of propofol at a dose of 10 mL/h, with endotracheal intubation. The heart rate and oxygen saturation of each animal were monitored during the operation. Animals were maintained in a supine position to allow for optimal access and peritoneal exploration. This study was approved by the Institutional Animal Use and Care Committee of Fujian Provincial Tumor Hospital, Teaching Hospital of Fujian Medical University, Fuzhou, China.
NOTES tube ileostomy
Creation of the gastrostomy by directed submucosal tunneling: A 2-cm transversal mucosal incision was created near the gastroesophageal junction with a dual knife (KD650L; Olympus, Tokyo, Japan), followed by the creation of a 5-cm longitudinal submucosal pelvis-directed tunnel [9, 10] ( Figure 1A -C).
The tunnel ended with a seromuscular incision, and the exit site was selected at the greater curvature of the stomach. A dual-channel therapeutic endoscope (GIF2TQ260M; Olympus) was advanced into the peritoneal cavity through the gastrostomy site. A pelvis-directed tunnel (left lower quadrant abdomen) was considered successful if the exit was in line with the urinary bladder, or the body or left horn of the uterus. The pneumoperitoneum was established via the endoscope. In the initial three operations in the non-survival group, transumbilical laparoscopic visualization was used to guide tunnel direction assessment, intraperitoneal spatial orientation, and subsequent terminal ileum identification.
Creation of the ileostomy using the introducer method: A 15 Fr rubber-coated silicone balloon catheter (Cliny PEG Kit; Create Medic, Yokohama, Japan) was used as the tube stoma (Figure 2A-F) . The optimal ileostomy site was determined by depressing the left lower abdominal wall with a finger until the tip of the finger was visible intraperitoneally under endoscopic visualization. The pneumoperitoneum was decompressed to bring the distal ileum closer to the parietal peritoneum. After being grasped and held toward the needle, which had penetrated through the 
Euthanasia and necropsy
Euthanasia was performed immediately in the nonsurvival group and 1 wk after the procedure in the survival group. Necropsy results, including injury to adjacent organs, vascular bleeding, gross and histopathological evaluation of gastrostomy closure and stoma tract formation of ileostomy, were recorded. Both the healing and formation processes were classified into three phases: inflammatory, proliferative, and remodeling. The inflammatory phase (first) was characterized by accumulation of polymorphonuclear neutrophils and vasodilation; the proliferation phase (second) was characterized by accumulation of macrophages and fibroblasts, angiogenesis, and collagen deposition; and the remodeling phase (third) was characterized by rearrangement of collagen fibers.
The microscopic factors of the aforementioned phases were assessed using a semi-quantitative scoring method of 0-3 points, where 0 = absence, 1 = a little, 2 = moderate, and 3 = abundant [11] .
Animal care and use statement
The animal protocol was designed to minimize pain or discomfort to the animals. All animals were killed by barbiturate overdose (intravenous injection, 150 mg/ kg pentobarbital sodium) for tissue collection.
RESULTS
Transgastric endoscopic tube ileostomy was successfully performed in all six pigs, without major bleeding. The mean operating time was 71 min (range: 60-110 min). There were no intraoperative complications or hemodynamic instability.
In the non-survival group, the post-mortem showed secure closure of the gastrostomy created by submucosal tunneling and immediate patency of the ileostomy. Neither gastrostomy nor ileostomy leakage were identified on methylene blue evaluation.
In the survival group, emission of both transileostomy and trans-anal feces were observed. At necropsy, all three gastrostomy sites had completely healed ( Figure 4A and B) , the tubes were kept patent, and their corresponding ileostomy sites were intact, without evidence of serious infection or significant leakage, as determined by gross assessment. Formation of granulation tissue was observed around the central stoma tract (Figure 5A and B) . On postoperative day 7, both the gastrostomy and ileostomy were classified as being in the proliferation phase (Table 1) .
DISCUSSION
To the best of our knowledge, this is the first study addressing NOTES tube ileostomy in a porcine survival model. Safe peritoneal access and secure closure of the access site during NOTES remain significant concerns and must be addressed before anterior abdominal wall, the antimesenteric side of the distal ileum was punctured using a double-lumen loop fixture device under laparoscopic or endoscopic guidance. Two stitches were placed about 2-3 cm apart. An abdominal wall incision was made between the two suture points, and a trocar with a plastic "T" peel-away sheath was introduced into the ileum through the incision site. After removal of the trocar, a 15 Fr catheter was introduced into the plastic sheath. The distal tip of the 15 Fr catheter was placed toward the proximal limb of the ileum to optimize intestinal content drainage. The balloon at the tip of the catheter was inflated with 5 mL sterile water, and the catheter was pulled until the appropriate approximation of the balloon to the abdominal wall was achieved. The peelaway sheath was then removed, and the retaining plate was positioned.
Closure of the gastrostomy:
The pneumoperitoneum was evacuated endoscopically, and the dual-channel therapeutic endoscope was withdrawn into the stomach through the gastrostomy site (Figure 3 ). An endoloop, followed by the twin grasper, was inserted into the gastric cavity through one of the two channels and placed at the gastrostomy side. The gastric tissues adjacent to the mucosal defect were clamped with the twin grasper and dragged into the transparent cap previously mounted on the tip of the endoscope, followed by fully aspirated into the transparent cap, and the bilateral gastric mucosal layers were approximated by tightening the endoloop. If the defect closure was incomplete, more endoloops were used to close the remaining portions. Two or three endoloops were placed to secure the closure.
Postoperative care
At 48 h after the procedure, the animals were fed a liquid oral diet for 2 d, followed by a semi-fluid diet for 3 d. Irrigation was performed once daily to keep the tube patent. The animals were monitored for food intake, defecation, infection and other postoperative complications for 1 wk. its introduction into clinical practice. In our study, the pelvis-directed submucosal tunneling technique was applied to achieve transgastric peritoneal access. Under direct visualization, blood vessels can be clearly identified and precisely coagulated in the submucosal tunnel. Moreover, compared with a direct full-thickness incision, a seromuscular incision may minimize inadvertent injury because the adjacent organs can be visualized through the thin seromuscular layer of the stomach. Furthermore, a designed submucosal tunnel enables in-line endoscope positioning toward predetermined left lower abdominal target locations, without the need for endoscopic retroflexion [10] . As has been reported, the closure of the gastric mucosal incision site with conventional endoscopic clips was easy and secure [9, 10] . In the current study, a novel technique of endoloop ligation [12, 13] , in combination with the dedicated twin grasper, was introduced to facilitate endoscopic closure of the tunnel entrance to the stomach. The Ovesco twin grasper has two jaws that can open and close separately to approximate defect edges [14, 15] . Histopathological examination showed satisfactory healing of the submucosal tunnel, thus proving that gastric closure with endoloops is both simple and reliable. With regards to using tube ileostomy as a diversion procedure, there has been a re-emergence of interest in the use of tube ileostomy to de-function a distal colorectal anastomosis. A systematic review and pooled analysis of seven studies comparing tube with loop ileostomy showed no significant difference in anastomotic leak rate [1] . Tube ileostomy is an alternate diversion procedure that has few complications and is easy to construct and manage compared to conventional loop ileostomy. This procedure can divert the bowel contents and avoid the need for a second operation and its related complications [16] [17] [18] [19] [20] [21] [22] . Clinically, there are two methods for placing the tube. One is the transcecal approach, which after anastomosis, an appendectomy or cecostomy is performed, allowing the introduction of the tube into the cecal cavity and then into the terminal ileum via the ileocecal valve. The other method is to place the tube directly into the terminal ileum. In our study, the introducer method via the distal ileum approach was similar to gastropexy [23] [24] [25] [26] [27] [28] [29] . The only difference was that, in our study, the antimesenteric side of the distal ileum was sutured to the lower anterior abdominal wall, while gastropexy was achieved by suturing the anterior gastric wall to the anterior abdominal wall before PEG-catheter insertion. Gastropexy may prevent stomal leakage and subsequent peritonitis secondary to early inadvertent percutaneous gastrostomy dislodgement. Similarly, suturing the ileum to the abdominal wall may reduce the risk of peristomal cellulitis before stoma tract maturation. Adhesion of the ileum to the abdominal wall was achieved by placement of two stitches using a doublelumen loop fixture device around a target abdominal stoma site, which has not been previously reported.
The maturation of the stoma tract is critical to percutaneous gastrostomy, and this principle also applies to percutaneous tube ileostomy. Our study showed that the time required for stoma tract formation was about 1 wk after ileostomy, thus providing a safe timeframe for tube removal. Similar results were obtained in human studies, in which the exact timing of tube removal ranged from 7 d to > 3 wk postoperatively [1, 30] .
In conclusion, this novel technique for performing tube ileostomy exclusively by NOTES is technically feasible and reproducible in an animal model and is worthy of further improvement.
COMMENTS
Background
Established conventional defunctioning stomas, loop colostomy and loop ileostomy have become a mainstay of proximal fecal diversion to protect against primary colorectal anastomosis and to reduce the risk and lessen the severity of the sequelae of anastomotic leakage, such as fecal peritonitis and sepsis. Percutaneous tube ileostomy has been reported as an alternative that can achieve similar temporary fecal diversion, ensuring greater comfort for the patient and easier management, as well as avoiding the additional surgical procedure required for the closure of a conventional loop-ostomy.
Research frontiers
Percutaneous tube ileostomy for anastomotic protection is clinically performed by laparotomy or laparoscopy. To date, there is no literature regarding the natural orifice transgastric endoscopic surgery (NOTES) tube ileostomy.
Innovations and breakthroughs
A novel technique of percutaneous transgastric endoscopic tube ileostomy may be successfully performed in a porcine survival model, using pelvis-directed submucosal tunneling endoscopic gastrostomy and endoscopic tube ileostomy using an Introducer Kit containing a loop fixture.
Applications
This study demonstrates the potential application of percutaneous transgastric endoscopic tube ileostomy using an Introducer Kit for temporary fecal diversion.
Terminology
A novel NOTES tube ileostomy is performed using pelvis-directed submucosal tunneling endoscopic gastrostomy, following by endoscopic tube ileostomy using the introducer method.
